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Abstract
Background and Objective To compare levels of and
trends in incidence and hospital mortality of ﬁrst acute
myocardial infarction (AMI) based on routinely collected
hospital morbidity data and on linked registers. Cases taken
from routine hospital data are a mix of patients with
recurrent and ﬁrst events, and double counting occurs when
cases are admitted for an event several times during 1 year.
By linkage of registers, recurrent events and double counts
can be excluded.
Study Design and Setting In 1995 and 2000, 28,733 and
25,864 admissions for AMI were registered in the Dutch
national hospital discharge register. Linkage with the
population register yielded 21,565 patients with a ﬁrst AMI
in 1995 and 20,414 in 2000.
Results In 1995 and 2000, the incidence based on the
hospital register was higher than based on the linked
registers in men (22% and 23% higher) and women (18%
and 20% higher). In both years, hospital mortality based on
the hospital register and on linked registers was similar.
The decline in incidence between 1995 and 2000 was
comparable whether based on standard hospital register
data or linked data (18% and 20% in men, 15% and 17% in
women). Similarly, the decline in hospital mortality was
comparable using either approach (11% and 9% in both
men and women).
Conclusion Although the incidence based on routine
hospital data overestimates the actual incidence of ﬁrst
AMI based on linked registers, hospital mortality and
trends in incidence and hospital mortality are not changed
by excluding recurrent events and double counts. Since
trends in incidence and hospital mortality of AMI are often
based on national routinely collected data, it is reassuring
that our results indicate that ﬁndings from such studies are
indeed valid and not biased because of recurrent events and
double counts.
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Introduction
Mortality from coronary heart disease, in particular from
acute myocardial infarction (AMI), has decreased in many
Western countries during the last decades [1]. A decrease
in age- and gender-adjusted AMI mortality, assuming a
constant quality of diagnosis, is a consequence of either a
decrease in incidence, case-fatality or recurrence risk, or a
combination of these. Hospital-based registers are often
used for surveillance of the morbidity and hospital mor-
tality of AMI [2]. In the Netherlands, the national hospital
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estimates of (trends in) incidence and hospital mortality of
AMI [3]. However, in this register, like in many others, a
new record is created for each hospital admission. As a
consequence, admissions taken from the hospital register
will include double counts from patients if they are trans-
ferred to a second hospital or if they are admitted for the
same event several times during 1 year. Furthermore,
patients taken from the hospital register from 1 year
include a mix of patients with recurrent events (presence of
an event in preceding years) and ﬁrst events (absence of
events in preceding years). Tracking individuals over time
based on information from the hospital register only is
difﬁcult when a unique personal identiﬁer is absent in the
hospital register. The effect of both double counting and
admixture of ﬁrst and recurrent events in nationwide reg-
isters on (trends) in incidence or hospital mortality has not
been well assessed [4, 5]. For the Netherlands, this effect
could only be estimated from comparison with results from
regional cohort studies, as nationwide estimates of inci-
dence and hospital mortality of ﬁrst AMI were not
available. Furthermore, it has been argued that statistics
from routine data could not be used for providing reliable
information on (trends in) incidence and hospital mortality.
After we recently showed that hospitalized patients in the
Netherlands can be followed longitudinally within the
national hospital discharge register in a valid way by using
information from the Dutch population register [6], we set
out to compare the nationwide (trends in) incidence and
hospital mortality of ﬁrst hospitalized AMI based on rou-
tinely collected data in the hospital register (double counts
and recurrent events included) and based on linkage of the
hospital register with the population register (double counts
and recurrent events excluded).
Methods
Data sources
Data on hospital admissions were retrieved from the
national hospital discharge register. Since 1986, all general
and academic hospitals and most single specialty hospitals
participate in the hospital register. There are no private
hospitals in the Netherlands that treat patients with AMI.
For each hospital admission a new record is created in the
hospital register, including the following information: date
of birth, gender, numeric part of postal code (since 1991),
hospital-speciﬁc patient identiﬁcation code, type of hospi-
tal, admission date and principal diagnosis of the
admission. The principal diagnosis is determined at dis-
charge and coded using the ninth revision of the
International Classiﬁcation of Diseases (ICD-9-CM) [7].
As the hospital register does not contain a unique personal
identiﬁer, we tracked individuals over time within the
hospital register by using information from the Dutch
population register. This database contains information on
all registered persons living in the Netherlands, including
date of birth, gender, current address, postal code and
nationality. Patients registered in the hospital register were
identiﬁed in the population register using linkage variables
‘date of birth’, ‘gender’ and ‘numeric part of postal code’.
When patients moved, their hospital admissions were
recognized by using the new postal code registered in the
population register.
Recently, the validity of the registries and linkage
methods was studied. In a random sample of hospital
admissions, 99% of the personal, admission and discharge
data and 84% of the principal diagnoses (validated through
medical record review by medical specialists) were
correctly registered [8]. In a random sample of the popu-
lation register, over 97% of the addresses were shown to be
correctly registered [9]. Furthermore, over 97% of the
uniquely linked hospital admissions resulting from linkage
of the hospital register with the population register were
shown to be correctly linked [9].
These results are similar to most of the studies that
reported on the validity of AMI events in hospital and
population based registries [10–13].
All analyses were performed at Statistics Netherlands in
agreement with privacy legislation in the Netherlands [6].
Cohort enrolment from the hospital register
The hospital register comprises information based on all
admissions in the Netherlands of the entire Dutch popula-
tion, including double counts, ﬁrst and recurrent
admissions for AMI, and including AMI admissions
of non-residents. In the hospital register, 28,733 and
25,864 hospital admissions with a principal diagnosis AMI
(ICD-9-CM [7] code 410 and subcategories) were regis-
tered in 1995 and 2000.
Cohort enrolment from linked registers
After linkage with the population register using linkage
variables ‘date of birth’, ‘gender’ and ‘numerical part of
postal code’, 25,142 and 22,470 admissions came from
patients with a unique combination of linkage variables in
the population register (88% and 87%, respectively). Thus,
each remaining admission linked to only one unique indi-
vidual in the population register (one unique individual in
the Netherlands). Admissions linking with more than one
person (e.g., administrative twins; two persons with the
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123same date of birth, gender and numeric part of postal code
registered in the population register) or with no person at
all (e.g., non-residents or administrative errors) in the
population register were excluded. Selection of the ﬁrst
admission per person of all subsequent admissions of a
person occurring during 1995 and 2000 yielded 23,172
patients in 1995 and 20,414 patients in 2000. Thus, 1,970
double counts had occurred in 1995 (8%) and 2,056 in
2000 (9%). Information on admissions in previous years of
the patients in 1995 was obtained by selecting all hospital
admissions registered in the hospital register with principal
diagnosis AMI in the period 1991–1995. These admissions
were linked to the cohort of 23,172 patients with linkage
variables ‘date of birth’, ‘gender’ and one or both of the
variables ‘numerical part of postal code’ and ‘hospital-
speciﬁc patient identiﬁcation code’. Linkage with the
population register was not possible, since this register
started in October 1994. Subjects who linked in this pro-
cess were patients with previous hospital admissions for
AMI (recurrent AMI patients) and were excluded (1,607
patients (7%)). This resulted in the ﬁnal cohort of 1995
consisting of 21,565 patients. Information on hospital
admissions in previous years of the patients in 2000 was
obtained by linking of the hospital register of 1995–2000 to
the population register with linkage variables ‘date of
birth’, ‘gender’ and ‘numerical part of postal code’. All
uniquely linked admissions with principal diagnosis AMI
were selected and linked to the cohort of 20,414 patients.
Patients with previous hospital admissions for AMI
(recurrent AMI patients) were excluded (1,356 patients
(7%)). This resulted in the ﬁnal cohort of 2000 consisting
of 19,058 patients.
Thus the linked register comprises information for only
part of the Dutch population (i.e., those that were unique on
date of birth, gender, and postal code), and does not include
double counts, and recurrent AMI admissions.
Data analysis
The incidence and hospital mortality of AMI (with 95%
conﬁdence interval (95% CI)) based on the hospital register
(hospital-based) and on linked registers (linkage-based)
was computed by year, age and gender. We compared the
hospital-based incidence and hospital mortality to the
linkage-based incidence and hospital mortality by calcu-
lating incidence rate differences or ratios and risk
differences or ratios (with 95% CIs) by age and gender.
Trends in incidence and hospital mortality were obtained
by calculating incidence rate or risk differences and inci-
dence rate or risk ratios (with 95% CIs) by age and gender.
Incidence rate differences and ratios were based on the
Poisson model, while risk differences and ratios were based
on the binomial model [14]. Pooled age-adjusted incidence
rate differences or ratios and risk differences or ratios (with
95% CIs) were calculated according to the Mantel
Haenszel method [15].
Results
In both 1995 and 2000, the gender and age distribution of
the cohort based on the hospital register was comparable to
the cohort based on linked registers. In 1995 and 2000,
two-thirds comprised men. The mean age in 1995 was
63.7 years in men and 71.5 years in women based on the
hospital register. This was 64.3 and 71.9 years, respec-
tively, based on linked registers. In 2000, the mean age
based on the hospital register was 63.6 years in men and
70.9 years in women. Based on linked registers, this was
64.2 and 71.6 years, respectively.
In men, the (adjusted) hospital-based incidence was 47
per 100,000 person-years or 22% (95% CI 19–25%) higher
than the (adjusted) linkage-based incidence in 1995 and 43
per 100,000 person-years or 23% (95% CI 20–26%) higher
in 2000 (Table 1). Age-speciﬁc (30 years) absolute and
relative differences ranged from 9–217 per 100,000 person-
years or 20–28% in 1995 and from 7–220 per 100,000
person-years or 22–25% in 2000. The (adjusted) hospital-
based incidence was also higher than the (adjusted) link-
age-based incidence in women in 1995 (19 per 100,000
person-years or 18%; 95% CI 15–22% higher) and 2000
(18 per 100,000 person-years or 20%; 95% CI 16–24%
higher). Age-speciﬁc (30 years) absolute and relative
differences varied from 3–103 per 100,000 person-years or
13–20% in 1995 and from 1–116 per 100,000 person-years
or 14–33% in 2000.
The hospital-based hospital mortality was similar to the
linkage-based hospital mortality in men in 1995 (adjusted
risk ratio (RR) 1.01; 95% CI 0.95–1.07) and 2000 (adjusted
RR 1.00; 95% CI 0.94–1.07) and in women in 1995
(adjusted RR 0.98; 95% CI 0.92–1.05) and 2000 (adjusted
RR 0.99; 95% CI 0.93–1.06) (Table 2). Also within the age
groups, no signiﬁcant differences between the hospital-
based and the linkage-based hospital mortality were
revealed.
From 1995 to 2000, the hospital-based decline in inci-
dence was similar to the linkage-based decline (Table 3).
In men, the (adjusted) hospital-based incidence declined by
48 per 100,000 person-years or 18% (95% CI 17–20%) and
the linkage-based incidence declined by 46 per 100,000
person-years or 20% (95% CI 18–22%). In women, the
(adjusted) hospital-based incidence declined by 18 per
100,000 person-years or 15% (95% CI 13–18%) and the
(adjusted) linkage-based incidence declined by 18 per
100,000 persons per year or 17% (95% CI 14–19%). The
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123age-speciﬁc relative changes in hospital-based and linkage-
based incidence were largely comparable.
The (adjusted) hospital-based decline in hospital mor-
tality from 1995 to 2000 was similar to the (adjusted)
linkage-based decline (Table 3). In men, hospital mortality
declined absolutely by 1% and relatively by 11% based on
both the hospital register and linked registers. In women,
the absolute and relative decline was 2% and 9%, respec-
tively, based on both the hospital register and linked
registers. The age-speciﬁc relative changes in hospital-
based and linkage-based hospital mortality were largely
similar.
Discussion
We combined data from the national hospital discharge
register with data from the population register to determine
the (trends in) incidence and hospital mortality of ﬁrst
hospitalized AMI (double counts and recurrent AMI cases
excluded) and compared the outcomes with the incidence
and hospital mortality based on routinely collected data in
the hospital register (double counts and recurrent AMI
cases included). The incidence based on the hospital
register was considerably and signiﬁcantly higher than the
incidence based on linked registers, whereas hospital
mortality and trends in incidence and hospital mortality
were identical using either approach.
Although we were able to estimate the incidence and
hospital mortality of ﬁrst AMI by linkage of the hospital
register with the population register, some aspects of this
method should be discussed. First, non-unique persons in
the population (register) were excluded from the study
population in the linked registry data. If this exclusion
produced systematic differences between the linked regis-
try population and the clinically relevant population (i.e.,
the total Dutch population), it might have affected the
incidence estimate in the linked registry to some extent
(e.g., an overestimation of incidence resulting from a
higher mean age of the study population). A pilot study
suggested that non-uniqueness relates to large cities,
foreign origin and age [6]. The differences between unique
and non-unique persons, however, were small [9] and apply
to both 1995 and 2000. Second, information on previous
admissions was limited to maximal 5 years for the patients
(as the numeric part of the postal code is registered in the
hospital register since 1991). Therefore, it seems likely that
some ‘‘ﬁrst’’ AMI patients actually were recurrent AMI
patients. However, it has been estimated that most (95%) of
recurrent events occur within 5 years. [4, 16] Third, the
outcome measures in the present study were incidence and
hospital mortality. Mortality after discharge from hospital
was not considered, since this outcome is not registered in
the hospital register. Differences in mortality after dis-
charge between patients with a ﬁrst or a recurrent AMI can
only be studied by linkage of national registers (i.e., the
hospital register with the population register and the cause
of death statistics). A ﬁnal aspect that needs to be
addressed is the generalizability of our ﬁndings. The results
might differ if a change over time occurs in double-count
or readmission fractions. Results might also differ for other
diseases than AMI or for speciﬁc groups of patients (e.g.,
non-native patients), hospitals or regions. Such differences
will not be apparent from routinely collected data. Since
trends in incidence and hospital mortality are often based
on national routinely collected data, generalization of our
ﬁndings would be of great relevance.
It has been be argued that routine statistics can not be
used for providing information on (trends in) incidence and
hospital mortality, because of double counting of cases and
admixture of ﬁrst and recurrent events. In order to prevent
erroneous inclusion of prevalent cases (recurrent events)
that have had a previous hospitalization for AMI prior to
the study period generally an clearance period is employed
to overcome overestimation of the incidence [16]. For
myocardial infarction, it has been shown that a clearance
period of 13 years should be taken into account to com-
pletely overcome inclusion of prevalent cases. In our study
we used a 5-year clearance period because of logistical
reasons. This however would suggest that in our incidence
estimate around 5% of the subjects should be considered as
recurrent AMI-patient rather that ﬁrst ever AMI patient
[16]. Although this does affect the absolute incidence
estimate, it may not affect trends in incidence and case
fatality, assuming that the erroneous inclusion of prevalent
cases occurs at both time windows Indeed this has been
shown in a Danish study where the incidence based on the
number of AMI-patients without an admission for AMI in
the previous year overestimated the incidence based on the
number of AMI-patients without (an admission for) AMI in
the previous 14 years by 27% in men and 16% in women,
but trends reﬂected trends in true incidence with reasonable
accuracy [4]. With respect to double count, in eight states
of the USA, it was estimated that double counting of
patients resulted in an overestimation of the true incidence
of hospitalized AMI and an underestimation of the true
hospital mortality. In this study, double counts were
deﬁned as readmissions for AMI within 7 days and thought
to result from transfer to a second hospital. Correction for
double counting revealed a 10–15% lower incidence and a
12% higher hospital mortality [5]. Despite aspects
regarding double counts and recurrent events, there have
been several consistent reports from different countries
using national registries to study trends in case fatality,
incidence and survival [17–21]. These time trends
indicated a decline in incidence of myocardial infarction
Acute myocardial infarction incidence and hospital mortality 761
123and in case fatality after AMI. In the present study, we
found a signiﬁcant decline in both incidence and hospital
mortality of ﬁrst AMI between 1995 and 2000. These
declines in incidence and hospital mortality appear to
mainly reﬂect declines in ﬁrst events, as trends were not
altered when recurrent cases were excluded from the data,
and thus are best explained by advances in primary pre-
vention and acute management of AMI.
Overall, our results based on deterministic linkages of
sources using gender, date of birth and postal code, are in
line with earlier reports from other studies, where linkage
was performed using unique identiﬁcation numbers.
In conclusion, our study shows that the incidence
based on routinely collected data in the national hospital
discharge register overestimates the actual incidence of
ﬁrst AMI based on linked national registers by least 22% in
men and 18% in women. Yet, the hospital mortality based
on the hospital register accurately reﬂects the actual hos-
pital mortality of ﬁrst AMI. Furthermore, trends in
incidence and hospital mortality based on the hospital
register are not changed when double counts and recurrent
cases were excluded. Since trends in incidence and hospital
mortality of AMI are often based on national routinely
collected data, it is reassuring that our results indicate that
ﬁndings from such studies are indeed valid and not biased
because of recurrent events and double counts.
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